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ABSTRACT
We present initial results on some of the properties of open clusters NGC 6791 and NGC 6819
derived from asteroseismic data obtained by NASA’s Kepler mission. In addition to estimating the
mass, radius and log g of stars on the red-giant branch of these clusters, we estimate the distance to
the clusters and their ages. Our model-independent estimate of the distance modulus of NGC 6791 is
(m−M)0 = 13.11± 0.06. We find (m−M)0 = 11.85± 0.05 for NGC 6819. The average mass of stars
on the red-giant branch of NGC 6791 is 1.20± 0.01M⊙, while that of NGC 6819 is 1.68± 0.03M⊙. It
should be noted that we do not have data that cover the entire red-giant branch and the actual mass
will be somewhat lower. We have determined model-dependent estimates of ages of these clusters.
We find ages between 6.8 and 8.6 Gyr for NGC 6791, however, most sets of models give ages around
7Gyr. We obtain ages between 2 and 2.4 Gyr for NGC 6819.
Subject headings: open clusters and associations:individual(NGC 6819) — open clusters and associ-
ations:individual( NGC6791) — stars: fundamental parameters — stars: interiors
— stars: oscillations
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Oscillations in red giant stars in the field have been
studied with Kepler (Bedding et al. 2010, Huber et al.
2010, Kallinger et al. 2010b) The first 34 days of sci-
ence data from NASA’s Kepler mission (Borucki et al.
2010) had shown that oscillations of red-giant stars in the
clusters can also be detected (Stello et al. 2010a). Ke-
pler has been continuously observing stars in NGC 6819
and NGC 6791 for more than a year. In this Letter
we present results of asteroseismic analyses of red-giant
stars in NGC 6791 and NGC 6819 to determine some ba-
sic properties of these clusters. In particular, we derive
model-independent estimates of the distance moduli of
these clusters, as well as the average mass of the stars on
the red-giant branch. We also derive estimates of ages of
these stars. We use Kepler observations made between
May 2009 and December 2009 (i.e Q1-Q3 data) for this
work.
The stars in these clusters, particularly those in
NGC 6791, are faint and currently available Kepler data
allow us to extract basic asteroseismic parameters of only
the bright red-giant branch and helium core burning red-
clump stars. Although red-giant stars have relatively
large uncertainties in asteroseismically determined prop-
erties, the uncertainties are still small enough to make
such an analysis viable. The fact that all cluster stars
can be assumed to have the same distance and age in-
creases the precision of our results.
2. DATA AND ANALYSIS
We studied 34 stars in NGC 6791 and 21 stars in
NGC 6819. Only confirmed members were selected (see
Stello et al 2010a,b). The stars studied in this work
are shown in Figure 1. Note that although oscilla-
tion characteristics have been detected and measured in
red-clump stars of both clusters, we do not use them in
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Fig. 1.— The color-magnitude diagrams of NGC 6791 and
NGC 6819 with the stars used in this work plotted in red. Pho-
tometry data for NGC 6791 are from Stetson et al. (2003) and for
NGC 6819 from Hole et al. (2009).
this study for reasons explained later. Since red-giant
oscillations are slow, Kepler long-cadence observations
(∆t ≃ 30 minutes; Jenkins et al. 2010) are adequate for
our work. The time series for each star was analyzed by
five different pipelines: SYD (Huber et al. 2009), COR
(Mosser & Appourchaux 2009), CAN (Kallinger et al.
2010a), A2Z (Mathur et al. 2010) and OCT (Hekker et
al. 2010). A comparison of these pipelines can be found
in Hekker et al. (2011a). We use two asteroseismic pa-
rameters in this study: the so-called large frequency sep-
aration, ∆ν, and the frequency of maximum power νmax.
Each pipeline produced estimates of these parameters.
For each cluster we adopted the results from the pipeline
that consistently gave the closest result to the average of
the results obtained by all pipelines. The uncertainties in
∆ν and νmax returned by the pipeline were increased to
reflect the variation of ∆ν and νmax values returned by
the different pipelines. We used those stars for which all
pipelines returned a result. Details of the data prepara-
tion and analysis can be found in Hekker et al. (2011b).
The large separation ∆ν depends on the mean density
of a star (Christensen-Dalsgaard 1988):
∆ν
∆ν⊙
=
√
M/M⊙
(R/R⊙)3
. (1)
The scaling holds to within 3% over most of the HR di-
agram (Stello et al. 2009a). The frequency of maximum
power in the oscillations power spectrum, νmax, is related
to the acoustic cut-off frequency of a star (e.g., see Kjeld-
sen & Bedding 1995; Bedding & Kjeldsen 2003; Chaplin
et al. 2008) and scales as
νmax
νmax,⊙
=
M/M⊙
(R/R⊙)2
√
(Teff/Teff,⊙)
. (2)
Data from CoRoT have verified this scaling (Mosser et
al. 2010). Thus if ∆ν, νmax and Teff are known, Equa-
tions (1) and (2) represent two equations in two un-
knowns (M and R) and can be solved to obtainM , R and
g. However, Equations (1) and (2) are not constrained
by the equations of stellar structure and assume that
all values of Teff are possible for a star of a given mass
and radius resulting in unrealistically large uncertainties
in the derived mass and radius. We overcame this by
using so-called “grid-based” methods, where the charac-
teristics of stars are determined by searching among the
models to get a “best fit” for a given observed set of
∆ν, νmax, Teff , and [Fe/H]. Gai et al. (2011) have shown
that grid-based seismology produces model-independent
results for R and log g; there are small biases in M that
can be minimized if metallicity is known, and that the
increased precision is worth the small model-dependence
in mass.
In this work we used three different implementa-
tions of grid-based methods — the Yale-Birmingham
(YB) pipeline (Basu et al. 2010; Gai et al. 2011),
a slightly modified version of the RADIUS pipeline of
Stello (2009b) and the Seismic Fundamental Parameter
(SFP) pipeline of Kallinger et al. (2010b). YB was used
with four different sets of models. One set, described by
Gai et al. (2011), was based on YREC (Demarque et al.
2008). The other sets were those of Dotter et al. (2008),
Marigo et al. (2008) and models from the Yonsei-Yale
(YY) isochrones (Demarque et al. 2004). Additionally,
a set of YREC models with Y = 0.30 was also used to
analyze NGC 6791 data because of suggestions that the
helium abundance of NGC 6791 is high (Demarque et al.
1992; Brogaard et al. 2011). The RADIUS pipeline uses
models described by Stello et al. (2009b) that were con-
structed with the ASTEC code (Christensen-Dalsgaard
et al. 2008). The SFP pipeline is based on the BASTI
models (Pietrinferniet al. 2004). The different model
grids use different physics inputs. While the YREC and
Dotter et al. models include gravitational settling and
diffusion of helium and heavy elements, YY models only
include diffusion of helium. The BASTI models, the
Marigo et al. models and the Stello et al. models do
not incorporate settling and diffusion of elements at all.
Nuclear reaction rates and equations of state used to con-
struct the models are different too. The mixing length
parameter for models in each grid was calibrated to a
standard solar model constructed using the correspond-
ing stellar evolution code and it differs somewhat from
grid to grid because of differences in the physics used.
Equations (1) and (2) were used to calculate ∆ν and
νmax for the models in all grids. Since the ASTEC and
YY grids do not include core-helium burning red-clump
stars, we restricted our study to stars that are not likely
to be in the core-helium burning phase.
Effective temperatures for stars in the two clusters
were derived using the color–temperature calibrations of
Ramirez & Melendez (2005). All targets are sufficiently
bright to have JHK photometry from 2MASS (Skrut-
skie et al. 2006), allowing us to determine the temper-
atures based on the (V − K) colors. We used V esti-
mates of Stetson et al. (2003) for NGC 6791 targets and
Hole et al. (2009) for NGC 6819 targets. Brogaard et
al. (2011) estimated the reddening towards NGC 6791 to
be E(B−V ) = 0.16± 0.02 and that is the value adopted
by us. We adopted a value of E(B − V ) = 0.15 (Bra-
gaglia et al. 2001) for NGC 6819. The uncertainty in
each temperature estimate is believed to be about 100K,
and arises from uncertainties in photometry, reddening,
as well as uncertainty in the color–temperature relation-
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We adopted a metallicity of [Fe/H]= +0.29 for
NGC 6791 (Brogaard et al. 2011) and +0.09 for
NGC 6819 (Bragaglia et al. 2001). We have assumed
uncertainties of 0.1 dex, which is somewhat larger than
the internal errors claimed by each group.
3. RESULTS AND DISCUSSION
For each cluster we first present estimates of stellar
properties that are nearly model independent, before
looking at the question of age estimates which are known
to be model-dependent. As in the case of the basic seis-
mic inputs ∆ν and νmax, we only use the results of one
of the pipeline–grid combination for all parameters ex-
cept age. The selected pipeline–grid combination was
the one that produced results that were consistently the
closest to the average of the results obtained from all
pipelines and grids of models. For each parameter of
each star, the spread in results obtained from the differ-
ent pipelines and grids were added in quadrature to the
formal uncertainty obtained from the selected pipeline–
grid combination. The basic data for both clusters are
listed in Table 1.
3.1. NGC 6791
Results on temperature, radius, mass, log g, and dis-
tance modulus (DM) for the stars in NGC 6791 are shown
in Figure 2(a–d). The results are also listed in Table 1.
The results are derived with the adopted value of metal-
licity ([Fe/H]=+0.29) and reddening (E(B−V ) = 0.16).
The stars in the sample cover a temperature range of
approximately 4000 to 4600K. The radii of the stars in-
crease almost monotonically from about 6R⊙ at the high-
est temperatures to about 24R⊙ at the lowest temper-
atures. This trend is completely consistent with what
we expect from standard red-giant models. Although
asteroseismic radius estimates of giants have large uncer-
tainties (compared to other stars), we can still get radii
to a precision of about 5% for all but six stars. Of the
rest, five have precisions better to 8% and one star has a
∼ 12% uncertainty. The large uncertainty in this case
is a reflection of the spread in the results obtained by
different pipelines; we need more data to resolve this.
Within uncertainties, all the stars have roughly equal
masses. The formal averaged-mass for the stretch of the
RGB branch for which we have data is 1.20 ± 0.01M⊙.
The uncertainty on the individual masses are larger,
though generally less than 10%. Better estimates of
masses will be possible once we model the detailed oscil-
lation spectrum of each star. The data available so far
does not yet allow us to do that.
We obtain precise results for log g — with uncertain-
ties less than 1% for most stars. Given that spectroscopic
estimates of log g for giants is uncertain, asteroseismol-
ogy gives us an alternative method of determining this
quantity. Since log g estimates are required to determine
stellar temperatures from spectra, this should enable us
to obtain better temperature estimates of these stars.
NGC 6791 has been an object of repeated investi-
gations ever since the first in-depth study by Kinman
(1965). There have been many estimates of the distance
to this cluster. Kinman (1965) found that (m −M)0 =
13.55 mag. Since then different studies have resulted in
a wide range of values for the DM that span the range
of 12.6 mag (Anthony-Twarog & Twarog 1985) to 13.6
mag (Harris & Canterna 1981). Discussions of this can be
found in Stetson et al. (2003) and Carraro et al. (2006).
Our model-independent estimates of radius, along with
temperature estimates, allow us to determine the DM of
the stars in the cluster. Better results are obtained if,
instead of calculating luminosity explicitly from radius
and Teff , we again do a grid search to determine lumi-
nosity, or the absolute visual magnitude directly. Most
of the grids include MV calculated from L using a vari-
ety of color-conversions. Where MV was not available in
the grid, the luminosity was converted to MV using the
color-table of Lejeune et al. (1997).
The DMs of our sample of NGC 6791 stars are shown
in Figure 2(e). Also shown is the DM obtained assum-
ing that all stars are at the same distance. Using an
extinction of AV = 3.1E(B − V ) we obtain (m−M)0 =
13.11 ± 0.06 for NGC 6791 assuming [Fe/H]=+0.29.
There is a small dependence of the DM on the adopted
value of E(B−V ) and metallicity mainly through differ-
ences in temperature estimates and that can be seen in
Table 2. All estimates of the DM are very similar and
the adopted value of E(B − V ) does not change the DM
drastically. Much of the older literature on NGC 6791
finds/adopts E(B − V ) ≃ 0.1 which is smaller than our
adopted value of E(B − V ) = 0.16.
3.2. NGC 6819
Results for NGC 6819 are shown in Figure 2(e–h) and
also listed in Table 1. The stars in our sample cover a
temperature range of 4450K to 4850K. The radii of the
stars range from 6 to 17 R⊙ and with precisions to better
than 5% for all but 3 stars, and better than 6% for all
except one star. The average mass of these stars is 1.68±
0.03M⊙. The uncertainty on individual mass estimates
is less than 10% in most cases. The higher mass of these
stars compared to those of NGC 6791 is indicative of a
lower age for this cluster. Again the uncertainty in log g
is less than 1% in most cases.
The extinction-corrected DM for this cluster, when
we assume [Fe/H]=+0.09 and E(B − V ) = 0.15, is
(m −M)0 = 11.85± 0.05. The DM, for the same value
of metallicity is 11.87 for E(B − V ) = 0.10 and 11.83 for
E(B − V ) = 0.20. The E(B − V ) ranges were selected
from values used in literature about this cluster. If we
assume the same reddening but [Fe/H]=−0.10 then we
obtain (m−M)0 = 11.91. Thus, as with NGC 6791, we
can obtain precise values of the DM even in the pres-
ence of some of the uncertainties in reddening. Chang-
ing metallicity by larger than the assumed uncertainty
does change the obtained value, but not by much. The
E(B−V ) and [Fe/H]-dependence can be seen in Table 2.
The DM values we have derived are somewhat smaller
than those discussed in literature in the context of
isochrone-fitting. Kalirai & Tosi (2004) used (m −M)0
of 12–12.2 mag. Hole et al. (2009) used (m−M)V = 12.3
mag, which for their adopted reddening of E(B−V ) = 0.1
mag is still somewhat larger than what we find.
3.3. Ages
The two easily observed asteroseismic quantities, ∆ν
and νmax, do not have a direct dependence on age. Age
estimates using these two quantities thus rely on mod-
els. For individual stars, the grid method gives large
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TABLE 1
Properties of stars in NGC 6791 and NGC 6819. Stars are sorted according to Teff . The assumed uncertainty in
temperature is 100K.1
KIC ID Teff V ∆ν νmax Radius Mass log g
(K) (mag) (µHz) (µHz) (R⊙) (M⊙) (cgs)
NGC 6791
2437340 4007 14.135 1.317 ± 0.054 8.028± 0.257 23.40+2.90−2.86 1.26
+0.55
−0.53 1.767
+0.026
−0.017
2437444 4186 14.553 2.459 ± 0.073 18.658± 0.496 15.32+1.01−0.37 1.26
+0.16
−0.11 2.142
+0.022
−0.023
2437816 4215 14.459 2.348 ± 0.100 16.948± 0.484 15.88+1.23−0.61 1.28
+0.22
−0.15 2.104
+0.021
−0.025
2437507 4246 14.554 2.568 ± 0.052 20.654± 0.282 15.60+0.75−0.77 1.40
+0.16
−0.14 2.189
+0.020
−0.020
NGC 6819
5112880 4443 12.66 2.800 ± 0.050 26.650± 1.065 17.25+1.05−1.04 2.04
+0.35
−0.28 2.302
+0.031
−0.031
4937576 4481 13.08 3.560 ± 0.051 32.290± 1.516 13.03+0.73−0.76 1.66
+0.16
−0.17 2.395
+0.026
−0.026
5023732 4512 12.85 3.110 ± 0.032 27.450± 1.234 14.52+0.88−0.85 1.75
+0.24
−0.21 2.329
+0.024
−0.023
5113041 4521 13.18 3.940 ± 0.051 37.570± 1.384 12.39+0.59−0.51 1.65
+0.14
−0.09 2.461
+0.022
−0.022
5112734 4528 13.19 4.020 ± 0.050 40.210± 1.545 12.76+0.57−0.62 1.74
+0.20
−0.10 2.489
+0.023
−0.024
1 The complete table can be viewed online
Fig. 2.— The derived properties of stars in NGC 6791 (left panels) and NGC 6819 (right panels) plotted against their large separations.
We show the results for radius (panels a and e), mass (panels b and f), log g (panels c and g) and extinction corrected distance modulus
(panels d and h) for the individual stars. The distance modulus to the cluster has also been determined by adopting the prior that all stars
have to have the same distance modulus. The results are shown as the solid horizontal line. The dashed line shows the 1σ limits of the
random error and the dotted lines show the result when the systematic error caused by metallicity and reddening are added to the random
error. A simple average of the DMs of individual stars gives a similar result, however, the uncertainties in the mean are somewhat larger
than the 1σ limit shown by the dashed lines.
uncertainties, around 25% for most, but even larger for
some. However, it can be shown that applying an equal-
age prior to all stars in a given cluster allows ages to be
determined quite precisely (Gai et al. 2010). Unlike the
case of isochrone fitting, we can derive the age of the
cluster without turn-off stars and the estimates are in-
dependent of distance. Dependence on reddening comes
through temperature calibrations. Of the three pipelines
used, at the moment only YB allows the use of the prior
of identical ages and hence only those results are dis-
cussed. Figure 3 shows the ages of the individual stars
in the two clusters as obtained with YY models. Also
shown is the age determined when the prior of identical
age is applied. As is clear, the uncertainties for individ-
ual stars is much larger than uncertainties for the cluster
as a whole.
As expected from previous studies, our results show
that NGC 6791 is considerably older than NGC 6819.
For the assumed metallicity of [Fe/H]=+0.29, we ob-
tain fairly consistent results from all the model grids
used. The highest age obtained is 8.6±0.5Gyr for YREC
models, though the YREC models with the high helium
abundance gives 7.3+0.7−0.4Gyr. We obtain 8.0
+0.8
−0.6Gyr using
YY, and 7.2+0.8−0.4 using Dotter et al. models. Marigo et
al. (2008) models give a lower age — 6.8± 0.4Gyr. The
difference between the models lie in the helium abun-
dance used as well as in the mixing length parameter used
and details of core overshoot. For any given grid of mod-
els, changing the metallicity changes the estimated age,
but by far the larger change occurs when the assumed
reddening is changed since that changes the estimated
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TABLE 2
Dependence of DM and age on E(B − V ) and [Fe/H]
NGC 6791
E(B − V ) [Fe/H] (m−M)0 Age (Gyr)
0.10 +0.29 13.22± 0.06 9.2+0.4
−0.5
0.125 +0.29 13.17± 0.06 8.7+0.4
−0.5
0.16 +0.29 13.11± 0.06 8.0+0.5
−0.5
0.18 +0.29 13.09± 0.06 7.6+0.5
−0.5
0.20 +0.29 13.04± 0.06 7.2+0.5
−0.5
0.25 +0.29 12.98± 0.07 6.0+0.5
−0.6
0.16 +0.25 13.13± 0.06 8.1+0.5
−0.5
0.16 +0.29 13.11± 0.06 8.0+0.5
−0.5
0.16 +0.35 13.07± 0.06 7.9+0.5
−0.5
0.16 +0.40 13.04± 0.06 7.8+0.5
−0.5
NGC 6819
E(B − V ) [Fe/H] (m−M)0 Age (Gyr)
0.10 +0.10 11.87± 0.05 2.99+0.50
−0.25
0.125 +0.10 11.86± 0.05 2.58+0.41
−0.21
0.15 +0.10 11.85± 0.05 2.23+0.31
−0.17
0.175 +0.10 11.85± 0.05 1.94+0.24
−0.14
0.20 +0.10 11.83± 0.06 1.70+0.18
−0.12
0.15 −0.15 11.92± 0.05 2.39+0.41
−0.17
0.15 −0.10 11.91± 0.04 2.36+0.39
−0.17
0.15 −0.05 11.88± 0.05 2.33+0.36
−0.17
0.15 0.00 11.89± 0.04 2.30+0.34
−0.17
0.15 +0.05 11.86± 0.05 2.27+0.33
−0.17
0.15 +0.10 11.85± 0.05 2.23+0.31
−0.17
0.15 +0.15 11.84± 0.05 2.18+0.30
−0.17
Fig. 3.— Derived ages of stars in NGC 6791 (panel a) and
NGC 6819 (panel b) using YY models. The points with error-
bars show the results for individual stars while the horizontal lines
in each panel is the result obtained applying the prior that all stars
in the cluster have the same age.
temperatures. Table 2 lists the age estimates using YY
models for different values of E(B−V ) and [Fe/H]. Thus
it is crucial to estimate reddening precisely in order to
derive a definitive age estimate for this cluster.
Our age estimates for NGC 6791 lie somewhat on the
lower side of most isochrone-fitting based estimates. Pre-
vious studies give a wide range of ages between 8 and 12
Gyr (e.g. Carraro et al. 1994, 2006; Chaboyer et al.
1999, Carney et al. 2005, etc.). Among the more recent
studies are those of Carraro et al. (2006), who concluded
that the age of this cluster should be in the range 7.5–
8.5Gyr with preference given to the higher limit. Our
estimated ages are, however, consistent with the age-
estimate of 7Gyr obtained by Brogaard et al (2011). This
consistency is probably the result of our adopting their
value of E(B−V ). Spectroscopic temperature estimates
of stars in this cluster are required to resolve this issue.
Although our derived age is lower than most, it is not low
enough to alleviate the problem that this old metal-rich
cluster poses for scenarios of Galactic chemical evolution.
Unlike the case of NGC 6791, our estimates for the
age of NGC 6819 agree with those determined through
isochrone fitting. We derive ages between 2.1 and 2.5
Gyr. Use of YREC models result in an age estimate
of 2.38+0.28−0.20Gyr. YY gives 2.23
+0.31
−0.17 Gyr. We found
2.31+0.30−0.16 Gyr with Dotter et al. models and 2.00
+0.21
−0.14
Gyr with Marigo et al. models. As with NGC 6791, the
age estimates depend on the adopted value of E(B−V ).
The estimated age increases if we decrease the assumed
E(B−V ). The estimated age is also sensitive to metallic-
ity and the dependence of age derived from YY models
on E(B − V ) and [Fe/H] is listed in Table 2. Ages in
literature vary from 1.8 to 2.5 Gyr (Kalirai & Tosi 2004;
Hole et al. 2009). We should be able to place much
tighter constraints on the age of this cluster when we
have data on individual frequencies of subgiants stars in
this cluster. The oscillation spectrum of subgiant stars
is extremely sensitive to age and modeling the spectra
gives more precise, though still somewhat model depen-
dent, age estimates (see e.g., Metcalfe et al. 2010).
4. CONCLUSIONS
Early seismic data from Kepler has allowed us to de-
termine the basic properties of some of the red giants in
NGC 6791 and NGC 6819, which in turn has enabled us
to determine the distance to those clusters in a model in-
dependent manner. The final uncertainties are likely to
improve as we get data on more stars, thus these results
are just a foretaste of how we can use Kepler data to do
high-precision studies of clusters.
Age estimates of the clusters are still somewhat uncer-
tain, and the adopted value of reddening plays a crucial
role through its effect on temperature estimates. We
have, however, demonstrated that with only a handful
of stars it is possible to derive ages of clusters to levels
of precision that rival ages obtained through isochrone
fitting of the entire color-magnitude diagram of a clus-
ter. This holds promise for future studies of the two
sparse clusters, NGC 6811 and NGC 6866, in the Kepler
field. For more reliable age determinations, we need bet-
ter estimates of the effective temperature of cluster stars.
It would also help to have independent estimates of the
mass of some stars in binary systems, since that would
constrain the search space.
The stars in these clusters are still being observed and
we should soon have time-series that are long enough for
us to be able to extract individual frequencies. Modelling
the frequency spectrum of each under the constraint that
6 Basu et al.
all stars need to be modeled with the same metallicity
and that they should have the same age will provide more
stringent constraints on the properties of these clusters.
Funding for the Kepler mission is provided by NASA’s
Science Mission Directorate. The authors wish to thank
the entire Kepler team, without whom these results
would not be possible. We also thank all funding coun-
cils and agencies that have supported the activities of
Working Group 2 of the Kepler Asteroseismic Science
Consortium.
Facilities: Kepler
REFERENCES
AnthonyTwarog, B. J., & Twarog, B. A. 1985, ApJ, 291, 595
Basu, S., Chaplin, W. J., Elsworth, Y. 2010, ApJ, 710, 1596
Bedding, T. R. & Kjeldsen, H. 2003, PASA, 20, 203
Bedding, T.R., Huber, D., Stello, D. et al. 2010, ApJ, 713, L176
Borucki, W. J., Koch, D. G., Basri, G., 2010, Sci, 327, 977
Bragaglia, A., Carretta, E., Gratton, R.G. et al. 2001, AJ, 121,
327
Brogaard, K., Bruntt, H., Grundahl, F., Clausen, J.V., Frandsen,
S., VandenBerg, D.A. & Bedin, L.R., 2011, A&A, 525, A2
Carney, B. W., Lee, J.-W., & Dodson, B. 2005, AJ, 129, 656
Carraro, G., Chiosi, C., Bertelli, G., & Bressan, A. 1994, A&AS,
103, 375
Carraro, G., Villanova, S., Demarque, P., McSwain, M.V., Piotto,
G., & Bedin, L.R. 2006, ApJ, 643, 1151
Chaboyer, B., Green, E. M., & Liebert, J. 1999, AJ, 117, 1360
Chaplin, W. J., Houdek, G., Appourchaux, T., Elsworth, Y.,
New, R. & Toutain, T. 2008, A&A, 485, 813
Christensen-Dalsgaard, J. 1988, in Advances in helio- and
asteroseismology, ed. J. Christensen-Dalsgaard, & S. Frandsen
(Dordrecht: Reidel), Proc. IAU Symp., 123, 295
Demarque, P., Green, E.M., Guenther, D.B. 1992, AJ, 103, 151
Demarque, P., Woo, J. -H., Kim, Y. -C., & Yi, S. K. 2004, ApJS,
155, 667
Demarque, P., Guenther, D. B., Li, L. H., Mazumdar, A. &
Straka, C. W. 2008, Ap&SS, 316, 311
Dotter, A., Chaboyer, B., Jevremovic, D. et al. 2008, ApJ, 178, 89
Gai, N., Basu, S., Chaplin, W.J., Elsworth, Y. 2011, ApJ, in press
(arXiv:1009.3018)
Harris, W. E., & Canterna, R. 1981, AJ, 86, 1332
Hekker. S., Broomhall, A-M, Chaplin W.J., et al. 2010, MNRAS,
402, 2049
Hekker, S., Elsworth, Y., De Ridder, J. et al., 2011a, A&A, 525,
A131
Hekker, S., Basu, S., Stello, D., et al. 2011b, A&A submitted
Hole, K.T., Geller, A.M., Mathieu, R.D., Platais, I., Meibom, S.
& Latham, D.W., 2009, AJ, 138, 159
Huber, D., Stello, D., Bedding, T. R. et al. 2009, CoAst, 160, 74
Huber, D., Bedding, T.R., Stello, D. et al. 2010, ApJ, in press
Jenkins, J.M., Caldwell, D.A., Chandrasekaran, H., et al. 2010,
ApJ, 713, L120
Kalirai, J.S. & Tosi, M. 2004, MNRAS, 351, 649
Kallinger, T., Weiss, W., Barban, C. et al., 2010a, A&A, 509, A77
Kallinger, T., Mosser, B., Hekker, S., et al. 2010b, A&A, 522, 1
Kinman, T. D. 1965, ApJ, 142, 655
Kjeldsen, H., Bedding, T.R. 1995, A&A, 293, 87
Lejeune, Th., Cuisinier, F. & Buser, R. 1997, A&A, 125, 229
Marigo, P., Girardi, L., Bressan, A. et al. 2008, A&A, 482, 883
Mathur, S., Garc´ıa, R.A., Re´gulo, C. et al. 2010, A&A, 511, A46
Metcalfe, T.S., Monteiro, M.J.P.F.G., Thompson, M.J.,
Molenda-Zakowicz, J., Appourchaux, T. et al. 2010, ApJ, in
press
Mosser, B., Appourchaux, T. 2009, A&A, 508, 877
Mosser, B., Belkacem, K., Goupil, M.-J., et al. 2010, A&A, 517,
22
Pietrinferni, A., Cassisi, S., Salaris, M., & Castelli, F. 2004, ApJ,
612, 168
Ramı´rez, I. and Mele´ndez, J., 2005, ApJ, 626, 446
Skrutskie, M. F., Cutrie, R. M., Steining, R. et al., 2006, AJ, 131,
1163
Stello, D., Chaplin, W.J, Basu, S., Elsworth, Y., Bedding, T.R.
2009a, MNRAS, 400, L80
Stello, D., Chaplin, W. J., Bruntt, H. et al. 2009b, ApJ, 700, 1589
Stello, D., Basu, S., Bedding, T.R. et al. 2010, ApJ, 713, L182
Stello, D., et al. 2010, submitted
Stetson, P.B., Bruntt, H. and Grundahl, F., 2003, PASP, 115, 413
Asteroseismology of NGC 6791 and NGC 6819 7
MATERIAL FOR ONLINE TABLE
8 Basu et al.
ONLINE TABLE: Properties of stars in NGC 6791 and NGC 6819. Stars are sorted according to Teff .
KIC ID T
(a)
eff
V ∆ν νmax Radius Mass log g
(K) (mag) (µHz) (µHz) (R⊙) (M⊙) (cgs)
NGC 6791
2437340 4007 14.135 1.317 ± 0.054 8.028 ± 0.257 23.40
+2.90
−2.86
1.26
+0.55
−0.53
1.767
+0.026
−0.017
2437444 4186 14.553 2.459 ± 0.073 18.658 ± 0.496 15.32
+1.01
−0.37
1.26
+0.16
−0.11
2.142
+0.022
−0.023
2437816 4215 14.459 2.348 ± 0.100 16.948 ± 0.484 15.88
+1.23
−0.61
1.28
+0.22
−0.15
2.104
+0.021
−0.025
2437507 4246 14.554 2.568 ± 0.052 20.654 ± 0.282 15.60
+0.75
−0.77
1.40
+0.16
−0.14
2.189
+0.020
−0.020
2569360 4254 14.610 2.712 ± 0.050 20.442 ± 0.389 13.95
+0.67
−0.52
1.14
+0.12
−0.12
2.187
+0.018
−0.020
2436814 4289 14.712 3.158 ± 0.046 24.615 ± 0.288 12.55
+0.51
−0.51
1.08
+0.10
−0.09
2.270
+0.018
−0.020
2436332 4304 14.786 3.374 ± 0.054 28.375 ± 0.430 12.49
+0.50
−0.49
1.24
+0.10
−0.09
2.329
+0.021
−0.020
2436824 4324 14.984 3.859 ± 0.059 31.306 ± 0.627 10.98
+0.40
−0.29
1.06
+0.09
−0.08
2.376
+0.020
−0.019
2436458 4340 15.019 4.143 ± 0.049 34.980 ± 0.388 10.47
+0.36
−0.33
1.05
+0.08
−0.08
2.425
+0.020
−0.021
2435987 4355 14.985 4.222 ± 0.050 37.720 ± 0.647 10.60
+0.50
−0.29
1.21
+0.13
−0.11
2.456
+0.023
−0.024
2436097 4365 15.109 4.543 ± 0.045 43.135 ± 0.828 10.50
+0.47
−0.40
1.36
+0.13
−0.13
2.515
+0.025
−0.025
2436900 4402 14.914 4.054 ± 0.059 35.312 ± 0.584 10.87
+0.55
−0.53
1.19
+0.18
−0.16
2.428
+0.021
−0.021
2437402 4414 15.116 4.818 ± 0.057 44.686 ± 1.153 9.76
+0.39
−0.31
1.23
+0.10
−0.10
2.531
+0.022
−0.022
2437240 4440 15.098 4.854 ± 0.038 45.705 ± 0.584 9.83
+0.35
−0.30
1.26
+0.11
−0.11
2.543
+0.020
−0.020
2436540 4448 15.297 5.793 ± 0.062 58.161 ± 1.016 8.81
+0.28
−0.25
1.27
+0.11
−0.10
2.648
+0.019
−0.018
2438038 4450 15.384 6.123 ± 0.048 59.043 ± 0.809 8.06
+0.21
−0.22
1.08
+0.09
−0.08
2.655
+0.018
−0.018
2437488 4452 15.381 6.262 ± 0.057 64.862 ± 1.319 8.38
+0.29
−0.24
1.30
+0.12
−0.12
2.697
+0.022
−0.023
2437781 4456 15.645 7.852 ± 0.068 85.559 ± 1.715 7.05
+0.26
−0.26
1.21
+0.10
−0.09
2.816
+0.022
−0.022
2437653 4482 15.519 6.988 ± 0.062 74.558 ± 1.499 7.79
+0.24
−0.25
1.30
+0.10
−0.11
2.757
+0.022
−0.021
2570094 4485 15.434 6.492 ± 0.066 65.552 ± 1.018 7.91
+0.28
−0.20
1.18
+0.10
−0.09
2.703
+0.017
−0.018
2436209 4493 15.214 5.686 ± 0.038 59.032 ± 0.633 9.30
+0.25
−0.21
1.45
+0.09
−0.09
2.656
+0.020
−0.019
2569618 4494 15.222 5.652 ± 0.038 54.721 ± 0.580 8.75
+0.37
−0.37
1.17
+0.16
−0.16
2.620
+0.020
−0.018
2570172 4498 15.497 7.029 ± 0.070 72.996 ± 1.609 7.55
+0.26
−0.18
1.19
+0.12
−0.11
2.750
+0.020
−0.022
2437270 4499 15.306 6.479 ± 0.039 70.246 ± 0.692 8.56
+0.19
−0.22
1.47
+0.07
−0.07
2.734
+0.020
−0.019
2438333 4501 15.322 6.030 ± 0.051 61.432 ± 1.524 8.64
+0.33
−0.36
1.30
+0.15
−0.14
2.674
+0.019
−0.020
2437976 4525 15.650 8.100 ± 0.043 89.010 ± 1.022 6.94
+0.15
−0.12
1.23
+0.06
−0.06
2.837
+0.021
−0.021
2436688 4530 15.503 7.254 ± 0.064 78.455 ± 1.931 7.64
+0.27
−0.27
1.31
+0.13
−0.11
2.781
+0.023
−0.022
2437972 4543 15.546 7.813 ± 0.067 83.977 ± 1.666 7.05
+0.28
−0.23
1.21
+0.12
−0.11
2.811
+0.021
−0.020
2438140 4543 15.427 6.766 ± 0.063 67.390 ± 1.802 7.56
+0.47
−0.40
1.15
+0.21
−0.20
2.721
+0.014
−0.017
2436818 4545 15.744 8.787 ± 0.335 95.743 ± 2.150 6.43
+0.51
−0.25
1.22
+0.15
−0.11
2.869
+0.021
−0.020
2437325 4557 15.698 8.541 ± 0.049 94.479 ± 1.428 6.69
+0.18
−0.22
1.20
+0.11
−0.10
2.864
+0.034
−0.042
2570244 4559 15.776 9.496 ± 0.169 100.545 ± 1.549 5.92
+0.26
−0.17
1.03
+0.11
−0.10
2.894
+0.019
−0.019
2437957 4602 15.651 8.537 ± 0.044 92.536 ± 1.029 6.56
+0.29
−0.25
1.13
+0.16
−0.16
2.856
+0.021
−0.020
2437933 4610 15.791 9.366 ± 0.305 109.166 ± 1.292 6.44
+0.47
−0.40
1.34
+0.16
−0.15
2.929
+0.020
−0.020
NGC 6819
5112880 4443 12.66 2.800 ± 0.050 26.650 ± 1.065 17.25
+1.05
−1.04
2.04
+0.35
−0.28
2.302
+0.031
−0.031
4937576 4481 13.08 3.560 ± 0.051 32.290 ± 1.516 13.03
+0.73
−0.76
1.66
+0.16
−0.17
2.395
+0.026
−0.026
5023732 4512 12.85 3.110 ± 0.032 27.450 ± 1.234 14.52
+0.88
−0.85
1.75
+0.24
−0.21
2.329
+0.024
−0.023
5113041 4521 13.18 3.940 ± 0.051 37.570 ± 1.384 12.39
+0.59
−0.51
1.65
+0.14
−0.09
2.461
+0.022
−0.022
5112734 4528 13.19 4.020 ± 0.050 40.210 ± 1.545 12.76
+0.57
−0.62
1.74
+0.20
−0.10
2.489
+0.023
−0.024
5024583 4540 13.12 3.810 ± 0.041 38.150 ± 9.710 13.38
+1.91
−2.40
1.77
+0.47
−0.37
2.455
+0.034
−0.041
5112744 4546 13.28 4.440 ± 0.048 44.740 ± 1.490 11.65
+0.49
−0.48
1.70
+0.12
−0.10
2.537
+0.020
−0.021
5112948 4554 13.22 4.280 ± 0.050 43.960 ± 1.415 12.32
+0.52
−0.49
1.78
+0.21
−0.12
2.529
+0.024
−0.024
5024297 4582 13.28 4.550 ± 0.061 46.030 ± 0.832 11.47
+0.39
−0.39
1.72
+0.11
−0.10
2.552
+0.021
−0.021
5024404 4614 13.24 4.780 ± 0.040 49.260 ± 1.405 11.15
+0.40
−0.39
1.72
+0.16
−0.13
2.583
+0.024
−0.024
5023931 4618 13.32 4.890 ± 0.050 51.270 ± 2.118 11.08
+0.55
−0.49
1.74
+0.27
−0.14
2.601
+0.025
−0.027
5111940 4647 13.37 5.140 ± 0.061 52.890 ± 1.401 10.40
+0.49
−0.48
1.66
+0.18
−0.17
2.616
+0.025
−0.024
5024405 4668 13.98 8.230 ± 0.080 97.840 ± 2.565 7.51
+0.31
−0.29
1.60
+0.12
−0.13
2.882
+0.025
−0.025
5024312 4707 13.90 8.040 ± 0.081 92.990 ± 3.404 7.53
+0.31
−0.33
1.58
+0.09
−0.12
2.865
+0.024
−0.025
5024512 4727 13.64 6.590 ± 0.061 76.370 ± 2.905 9.20
+0.46
−0.45
1.80
+0.42
−0.22
2.779
+0.033
−0.033
5024143 4743 14.07 9.590 ± 0.100 115.760 ± 5.644 6.61
+0.34
−0.36
1.56
+0.10
−0.14
2.962
+0.026
−0.026
5023845 4761 13.96 8.940 ± 0.091 107.910 ± 3.655 7.10
+0.27
−0.30
1.61
+0.11
−0.10
2.932
+0.024
−0.024
5113441 4788 14.31 11.570 ± 0.116 152.580 ± 3.674 6.00
+0.20
−0.19
1.59
+0.07
−0.08
3.081
+0.023
−0.023
5112072 4814 14.08 9.980 ± 0.081 126.510 ± 2.904 6.71
+0.20
−0.20
1.63
+0.10
−0.09
3.003
+0.020
−0.022
5111718 4816 14.13 10.450 ± 0.100 132.960 ± 2.452 6.43
+0.19
−0.18
1.61
+0.09
−0.09
3.024
+0.020
−0.021
5024240 4843 14.32 11.820 ± 0.143 158.070 ± 6.521 5.98
+0.30
−0.26
1.62
+0.11
−0.09
3.100
+0.024
−0.023
(a) Assumed uncertainty of 100K
